SUMMARY Commercial penicillinases vary in their capacity to destroy penicillinase-resistant penicillins and cephalosporins. A new freeze-dried preparation containing both beta-lactamase I and II was found to inactivate all penicillins and cephalosporins at levels above those likely to be encountered in clinical specimens.
The aminoglycoside antibiotics, particularly gentamicin, are increasingly widely used and frequently in patients with impaired renal function. All these drugs are potentially ototoxic and measurement of blood levels is often desirable but may be complicated by the presence of a second drug, most commonly a penicillin or cephalosporin. Assays of streptomycin in the presence of penicillin have been done for many years by the simple expedient of adding commercial penicillinase, and Newsome (1967) suggested that this might also inactivate cephaloridine, methicillin, and cloxacillin. However, it seems that not only different brands of penicillinase, but even different batches of the same manufacturer may vary in this respect (Garrod and O'Grady, 1971) and many workers have felt that it was unwise to rely upon any and have either used an organism known to be resistant to the second drug to assay the aminoglycoside or declined to attempt the assay.
Most commercial penicillinases are prepared from cultures of B. cereus or B. licheniformis which produce both beta-lactamase I which inactivates penicillin and ampicillin, and beta-lactamasellwhich inactivates the penicillinase-resistant penicillins and cephalosporins. The variability in the commercially available material is mainly due to the instability of beta-lactamase II, but the development by Sabath and Abraham (1966) 
Materials and Methods

PENICILLINASES
Whatman beta-lactamase was supplied in bottles containing 50 000 units to which 5 ml sterile distilled water was added to give 10 000 units/ml.
The cephalosporinase was received as a freezedried preparation of unstated potency and was reconstituted to give 1000 fig/ml; it was used diluted 1/10 (100 ,ug/ml) in most experiments.
The penicillinase was diluted 1/5 in sterile distilled water. cephalosporins were added to aliquots of this: 0-1 ml of penicillinase was added to 0 5 ml of these sera and the mixture immediately placed in cups in plates seeded with B. subtilis. These plates were incubated at 37°C overnight and the resulting zones were measured. These sera were also assayed by the vertical diffusion method of Mitchison and Spicer (1949) using Staph. aureus as the test organism. Sera containing these mixtures of drugs were also assayed by the vertical diffusion method with varying amounts of the penicillinases added to the medium.
COMPARISON OF ACTIVITY IN CULTURE MEDIUM
ASSAYS ON CLINICAL SPECIMENS
A number of specimens of blood and cerebrospinal fluid from patients receiving two drugs were assayed by the vertical diffusion method, adding the penicillinase either to the serum or to the medium.
Results
The marked difference between the activity of these three penicillinases is clear from the table. The Burroughs Wellcome penicillinase is highly effective against both penicillin and ampicillin but significantly less so against carbenicillin and has very little activity against cloxacillin and the cephalosporins.
In contrast, the Lilly cephalosporinase is highly active against the cephalosporins, has only a moderate effect on benzyl penicillin, and little or none on any other penicillin.
On the other hand the Whatman preparation is effective against all the eight drugs tested, though it One of the advantages of the vertical diffusion method for assaying aminoglycosides is that all these antibiotics produce a band of enlarged colonies where growth starts at the bottom of the inhibition zone, but with all other antibiotics (except vancomycin) the colonies gradually increase in size giving no clear edge to the zone Thus if assays are done on sera containing more than one antibiotic, it is immediately apparent whether the zone of inhibition is produced by the aminoglycoside or by the second drug.
When 5 parts of serum containing 5 ,ug/ml gentamicin and 100 jug/ml methicillin, cloxacillin, cephaloridine, cephalothin, or cephalexin or 1000 ,.ug/ml carbenicillin were mixed with 1 part of Whatman beta-lactamase and immediately assayed by this method, all produced the typical band of large colonies bordering zones similar in size to those given by serum containing only gentamicin. When the Lilly cephalosporinase was added to these mixtures, only those containing cephaloridine, cephalothin, or cephalexin gave a characteristic gentamicin zone, the others all producing larger zones with no defined edge. When assays are required on neonates or small children, the samples provided may be too small to be accurately diluted with penicillinase Another advantage of the vertical diffusion method is that not only can it be used with very small specimens, but also the volume of medium required is small (10 ml is sufficient for two or three assays) and it is thus possible to add the enzyme to the medium instead of to the serum.
When the sera containing the mixtures of antibiotics were assayed on medium containing 200 or 500 units/ml Whatman beta-lactamase, the resulting zone of inhibition was produced by gentamicin in all except that containing cephalexin, which was not totally inactivated by either amount of enzyme.
When 0 2 or 05 ml Lilly cephalosporinase 100 jug/ml was added to the medium, the cephalosporins were all inactivated, but methicillin, cloxacillin, and carbenicillin were still present in all tubes.
Whatman beta-lactamase was added to sera from a number of patients receiving gentamicin and cloxacillin and/or carbenicillin and assayed by the vertical diffusion method and serum from neonates receiving gentamicin plus penicillin, cloxacillin, or carbenicillin was assayed by this method with the beta-lactamase added to the medium. In every case a typical gentamicin zone was obtained.
Conclusions
Whilst it is possible that different batches of Burroughs Wellcome penicillinase or stronger solutions of the Lilly cephalosporinase might have been more active than those tested here, it is clear that of these, only the Whatman beta-lactamase can be described as a 'universal penicillinase'. This is confirmed by an extensive study of a number of beta-lactamases recently reported by Newson and Pamela M. Waterworth Walsingham (1973) . When 1 part of Whatman beta-lactamase was added to 5 parts of serum all the drugs tested were immediately inactivated at levels which will seldom if ever be encountered in clinical practice, and if excessively high levels are anticipated pre-incubation of the serum with the enzyme will make doubly sure that inactivation is complete. Alternatively, the addition of 0 2 ml (2000 units) of the enzyme solution to 10 ml assay medium should be satisfactory for any of these drugs except possibly cephalexin; if the vertical diffusion method is used the nature of the zone edge will reveal any significant lack of inactivation.
